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A. GENERAL. 
A campreneisive arogean oof pamoratory ans fia. 
tests was rade to deternine tre stroctura, oroner- aoe 
ties sf tne dlfferen* tyres 3 rateriais In the Uttam as 
tanaget area, as eel! 33 In unaffected portions 36 a eae 
tne 1am. “nese tests ar2 grouped as folloss: Paes 
Yests 29 averburtena naterials in tie tarages Sees ey 
area. Me tee 
Tests on shell any transition sone nateria;i in Tee 
unatfacted portions xf tie dan. Bota 
Tasts on *typolra!l foundation sanits and sjays. tease 


Tests on core naterials. 


Tests on shale andj bentonite. Ste yttes 

These tavestigations ar? each gistusset oriefiv. er ad: 

1. Overburden materiais in damaged ares. The Parterga: Tes 422] was ghacet “9 4 dn 
dversurden In the damaged area Inc'uded pot shel! tleiaee TOR ony ‘Softee Pet ey 
any foundation sanis, as wel! as alluvial clays and (nto rs cayery ty) a teatr of from 7 fee 
masses of core naterial that becane internixed dur- s fae fi .d 7), ace baver 43S TOM 
Ing the movement. thease, giv, of rine nacseag of 2a 45 -Sors 

Mechanical analyses for classification purvoses *9r yoeratiag at calf ans f5i) seed. 
were perforned on overdurden samples from the churn- Daeticutus untistarpet satoles sare 
drili noles. Overdourden cores from the Calyx hols sagt cits “a egce samp}ing area, ani neck 
were split and photographed, and then santples for S'S, Sper tit aravity, vold detertinatia 
laboratory tests were cut from one of the halves. ativertensity *ests wera nade on each |g 
These samples, consisting of 4-Inch (192 mm) cubes, results an these samples are show on PE 
were carefully selected and cut to represent typl- Rael: 
ca! matertal from each core. Tests on these Includ- 3. Foundation sands and clays- * ¢ 
ed mechanical analyses, specific gravity, moisture drives into the t!oot plane downstream f 
content, and determination of the natura! voids in in or ser to secure undisturbes samples 
the material. The samples were prepered in a cald- materials simnijar +5 *he ‘oundation nat 
storage room, packed with dry Ice to keep them fro- tne section of tne fan affected by the 
zen, and transported to the jaboratory for testing. mant.  contiquoss photographic record 

Two series of shear tests were made on samples of tne natura. strata in *his oft, ans nacha 
Overburden from Calyx hale No. 4. Plates 5-4 and sas, soecifle gravity, void getersinatlou 
5~S give typical results of tests on over>urden dansity ant critical-density tests were 
materials. tnis nater val. 

2. Sheii and transition-zone materiais In unaf- ingisturze? samptes of the surtace cl 
fected portions of dam. Samples of typical! shel! cured 2° 478 usstrean edge 3% *he damag 
nmatertals were secured from undIsturbed portions of machanica, analyses, consolidation tests, 
the shel] Immediately west of the damaged area and idated-stear ‘tests were performed on th 
from three test plits, located along the 27212 up- Pjates S=!2 to 5-21 snow the results 
stream berm, driven down to the saturation line. foundat!o 1 sands and chavs. 

A continuous photographic record was kept of the 4. Core materials. A+ 4 selected 126 
Stratification of the matertal In the deepest test closure sectton, the undanaged core ¢ 
ptt. On all samples, the tests Included mechanical bank, ani i1 *he centar of the slide 
analyses, specific gravity, relative density (both (152 mm) drive samples were taken down 
wet and dry), and determination of natural volds. of the core. Mechanical analyses, naty 
In addition, triaxtal tests were made on disturbed content, consolidation tests, ant conse 
and on several undisturbed samples of typical shel! tests were oerformed on sampies from te 
materlal from one of the test pits. intervais In elavation. In addition, ¢ 

In order to check the results of eritical-density tests, consolidation tests, and Atty 
tests performed on the triaxtal shear machines, sev- tests were made on samples from eleva 
eral serles of direct-shear tests were also per- 7080. Tne results of typical tests on 
formed and critical density determined by the are given on Plates 5-22 to 5-24. 
Taylor method. 5. Shale and bentonite. Samples: 
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Cai. ae ee sheet Ser See Ta ge al cae fen te ure 
clman so fh a oye tha Mapat gs » Ans fron ayera 
21 onary "a fee tarapet area, 95 «eit ay from fle 
Mota, amt o4 tage a7 fei ver Sst tar weathers: 
sy aie foeast aan feor fhe fanajqe! section. Samolbes 
of fauttecoqe nater’ at were als) secured from toe 
Droste ar tér near tie shafts.  Yecnantcalt analyses, 
Lomso0l tattoo tests, ynt ovate consolidated ant 


lulcncsr2ar testy were nerfotied on tnese samples. 

Famates of nantor'+e: were secured from Valve 
“oles, tre “Marrinan airtft, tie Trosby drlft, any 
fen saxo dsed sears at other potnts o1 the rigrt 
aputmert.  23tr guick and consol’ dated-shear tests 
were oerforned on thase samoles. The coefflstert 
of frlction of denton'te on shale was aiso deter- 
mines for some samoies. The results of these tests 
are given on Pirates 3-25 to 5-30. 

In add'tto3 t> the laboratory tests on the benton~ 
‘te, 3 series of shear tests was made tn the fiels 
or the two bertonite seams tn the “err'man drifr. 
These seams were tying; approx'nateiv horizonta} and 
were separated dv 32 'tnches (233 mm) of shate. Both 
the saornal loads andj shearing loads were appiled by 
means of hydrautlc Jacks. The center section of 
shale was confined oy a steel jacket, to prevent 
‘ts patng crushed by the vertical toad and to prop~ 
erty d'stripute the shearing forces. 
8B. EQUIPMENT AND PROCEDURE FOR LABORATORY TESTS. 

1. Mechanical anatyses. Alf mechanical analyses 
were made by the sieve and hydrometer method and 
aere usually cun wet. Samples conposed of distinct- 
ty different types of materlal, such as sand with 
quan*ities of shale fragments or clay dalts and 
slay samplas mixed with gravel, were segregated and 
the percentage of each kind of materlal deternined 
neparatelty. These samates were run dry. 

2. Specific-gravity determinations. Speci fle~ 
gravity deterninattons were made on matertal from 
every sampte, so that vold determinations could be 
maje more accurately. Specific-gravity determ}na- 
tlons were made by the vacuum method on 200-gram 
samples. 

3. Vold determinations. For the purpose of deter- 
nining the natural vold ratio In und!sturbed sam- 
ples of naterlats from the shells, transition 
zones, foundation sands, and the exper!mental 
rolled hydraulle flit, 4-Inch-diameter (152 mm) 
samples were taken In accurately callbrated cyt!tn- 
ders 6 Inches (152 mm) In tength. 

Vold deterninations of materlalt from the frozen 
Zalyx cores were made on the 4-{nch (102 mm) cubes. 
The volume of the cubes was accurately determjned 
by submerging them !n a pan fitted to the overflow 
with nercury and welghIng the mercury disptaced. 


4. Relative-density tests. Relative-density tests 
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avo- performeat on ari uni’sturoeds samples of shell 
"ate" ar, trans'tton-zo1e natectal, and sandy nata- 
“2, feor the test o't in the fi00¢ diane selow *he 
Ta7, 43 wh! a5 on atl samples fron the exper! nertal 
Triled nydrauile flti. Tne barge number of retatlve- 
‘ty *asts nade I+ necessary to construct 3 spe- 
c*al device for compacting the samales to maxt tum 
menstty. Tnls apparatss consisted of several redes- 
*3!s, 29 witch the tubes containing the samptes were 
Dlacet, the pedestals ani samples belng ‘arred up 
ani jown Dv cams on @ motor-driven shaft. For deter- 
""a'ag tne lowest vosstole degree of compaction, the 
mster'‘als were carefully deposited In jlass cyltin- 
ters tnrough specially designed funnels. Retative- 
wens'ty tests were made on each samole tn both dry 
an} saturated condttion. 

5. Criticat-density tests. Criticat-density tests 
on shaft matertats were performed In the solts tab- 
oratory of the Graduate School of Engineering of 
~arvard University, at the Waterways Cxperiment Sta- 
tton, Vicksburg, “Miss., and at the Fort Peck Dls- 
tr'ct jaboratorye Tests on undisturbed samptes of 
cotastloniess matertals were made at the fort Peck 
taboratory. 

6. Consolidation tests. Aii consolfdation tests 
were made according to standard procedure In the 
Cort Peck type of consolidation equipment. Samples 
were aj} 5-5/3 Inches (143 mm) !n diameter. Samptes 
of transition~zone matersSal and the more pervious 
samotes of core materlal were 2-)/2 Inches (64 mm) 
In tatckness, while samples of very Impervious nate- 
rtats, such as clays and weathered shale, were 
1.0 tnch (25 mm) or 1-1/4 Inches (32 mm) thick. 

Consolidation of core and a few weathered~shale 
samples prior to making shear tests was accomplished 
In consotldation devices, although most of the ben- 
ton'te and weather-shale samples were opreconsotl- 
dated directly In the shear boxes. 

7. Shear = tests. Consolidated~shear tests on 
transition-zone materiat, weathered shate and 
venton'te were made In the “.leTe shear machine, 
whtle the direct-shear tests on shel! matersa! and 
tests on core material were made fn the Zanesvitle- 
type shear machine. Alt quick-shear tests were made 
In the Zanesvitle-type shear machine. The shear 
test samples were 4 Inches (102 mm) square = and 
3/4-Snch (10 mm) thick. 

Consolidated shear tests were made by first consol- 
Idating the sample to the desired load and tnen add- 
Ing the sheartng toads In Increments and walting un- 
tilt movement ceased before adding asdditlonai load 
Increments. Quick-shear tests were made with con- 
stant strain loadtng. the toad belng apptied contin- 
uousty, so that fallure occurred within 3 few 
minutes after start of the test. 


EMBANKMENT CRITERIA AND PERFOR# 


fF undivsturoed samp!as of shell 
pne material, and sandy mnata- 
In the flood plane below the 
samates from the experlmental 

| The targe number of relative- 
mecessary to construct a spe- 
eeting the samales fo maximum 
consisted of several sedes- 
containing the samaies were 
ani samples delng farred up 
otor-driven shaft. For deter- 
pble degree of compaction, the 
ly deposited In glass cytin- 
des!gned funnets. Relative- 
on each sample In both dry 


sts. Critfcat-densfty tests 
performed In the solls tab- 

@ School of EngIneertIng of 

i the Waterways Sxperiment Sta- 
1» and at the Fort Peck Ols- 
S$ on undisturbed samptes of 
were made at the Fort Peck 


Al) consolldation tests 
standard procedure In the 
olidation equipment. Samples 


143 mm) In diameter. Samptes 
Jat and the more pervious 
8) were 2-1/2 Jnches (64 mm) 
ples of very Impervious mate- 
and weathered shale, were 
4 Inches (32 mm) thick. 
and a few weathered-shale 
shear tests was accomplished 
S$, although most of the ben- 
fe samples were preconsol!-~ 
par boxes. 
ponsolidated-shear tests on 
fal, weathered shate and ‘ 
the M.1.T. shear machine, 
tests on shel) materia) and 
were made jn the Zanesvitte- 
} quick-shear tests were made 
shear machine. The shear 
Inches (102 mm) square and 


ts were made by first consol- 
® desired load and tnen add- 
fin Increments and walting un- 
ore adding additional toad 
tests were made with con- 
toad belng apptied contin- 

@ occurred within a few 

test. 


KMENT CRITERIA AND PERFORMANCE REPORT PLATE 5-3 


47 


WAaSUVOD INZINId 


SAM DML RI ANZWAAOW Winoziwon 


i~J 
Spear . 
bd aaaes 535 S02aaGc04 seeds £5550 L2Rbd 128d zanad 
sauuasuese seesees ae ee SSSE3 Ga20a | 
: ce | ¢ 
we oW : 
oe ow fy 
, 2" ¢ 
ra) 4 L 
Be bs ze ‘ 
i w 
lw i 
Fi nO 
sae s p 4 ey) |:s: 
ities! 7 g= Pw iE 
SSGS3S08008 Sancd 3385s hase oksas Sauce SeeEss 3° i> E= 
D. bLsaiaasausea s5688 S4550 25580;0nia SEazE; {° z a tat 
a | n 
1325 g° aH 
ote ge sn 
lu lie a 2 
yg. uw as 
Aree tte te Bebe EE EEN EE 
NK ta ral D * gators Ni LN aW3AON TYLNO2IHOR = 
astuacsens Seen ceene cenedounes sane: ueaes feet 2 ie) ST 
SES FSS Se SESSS SESSS SESSS Sees Secs eo Oe | + SIHIN NC LANIWZAOW WILHIA s EH 
- eues 
« « rz a ed 
sames HHH een a 2 < FS8 
snaiabaREA Nia SOEGRbanAAGEOGG GUNGRGBGEO DA He 1% BETH 
SIT RS ne as i a ae -o F= 
HT TS ST TL al < |2 PN Es 
citi ca ar 35 Es 
a ae 
canes 5 ex E:# 
tc co A a r oaliit 
Sseacsuuae ase seesseeececee tenes seeeree ess wp a 
os 54 ae 
n iy 
pe #2 |: 
@ a aberh 
aO as 
ei fe 
om Fi 
g> 
a) 


UaNisa ANADUad 


%¥ #433HS 


[=] 


ase 4} NI 
yes 45 A ORL ees 
. =, al sy a => BS reer cry 
perc diy [pet. aut” 


OF 7. cL NONgYU a wires" be Sate OR EO 


6L fF UOT3Z09S "83 be /S0° 0 2LO/SPYOD » 

aero sSuw O°SL¢ PT UOFREIS 
*a8e] Juyinc 190}@mM Uy pestoumy atures 
youy OD*[ = SseUMTUL [¥T3TUL ' 


PLATE S-4 


® # G10n XATYO MOQ TYItalYW da XIN ‘uy “be oorgT eTduws Jo wety [wuUoTZ0eg Ss025 ~~ 886-0. ; 
te © Tryarios 9°950Z90*LPOg UOTPBACETA a 7/00 : 
el #GUlLES SISRL EV-ES TELYIIIOSNOD Sat sees aumie tsar be! BEM 
ua gous os cons awie ponwrtonst | Bbalng ktbeys 


atduss paqangszpuQ 'seqoy 


IWV3SHS-—GVO1 IVWYON 
BAYND mentee ONS AWOILUBA 


MO AVGlaw  BEMGe ILBL NL ACOVA NO ave Sh 


LNZIW3AONdGW! YBAIY TH AIOSSIW 


—— ee oe ee 


EMBANKMENT CRITERIA AND PERFORMANCE REPORT 


aes. [ 
oa sees 
oe eae 


‘Ee 

tr tees 

4 ¢ 

os 

sani 

4 

easce 

Sa aR SUL] 
on br 


sass 


‘LZ OS/SNOL JINVISISTN ONINV3HS 


14'0S/SNOL JowyLSiS3a¥ ONIGV AHS 


~ GN3931 


FORT PECK DAM AND RESERVOIR 


aul 
LHOIGRA Aus Tees 


ANZLINOD THALCION 
LNBUNOD IBNLSI Ow 


‘OW-ON3937 


et 


LUNIM AWG LNZWWad 


+ 1 
tha 

' 

* 


Ha 


1S31 ONIYNGA S3AYNND INSWS3IAOW IVWLNOZIYOH QNYV 1 
a4 os/sNox Mi AMNSsaud WiMO7tYOH 1a BGC/SNOL wi BUNSCAE 
P| Z 


base oe be ies Pt Le 
peeeees chy rf aie; 
belo a Gotan m 

tik : cae 


Seat tress Saat ero eee ae Cnr capes hs 


euyerwgyrs sgeuw 


La nee nen 


, RANGE 6+87-U 


CALYX HOLE NO. 4—STATION 14+ 


(Original sheets 2 and 3) 


‘Void ratio; Percent 


Moiet ure 
content, 


| of voids 


“EY 


ADM MH OGPHHHAINNNSD ANH HNKSOHNAFMHONMOMMRAOAANMNANN SHO 
S8Skerroasdnaisgs g¢geetendsagssssseergussoussci= 
t 


Specifie i 


| top ef sore gravity . 


| Hlevetion 


Core No. 


j Bereent 


| 


SKRSRSRRRNSDRANE NSNHURSRSSASRAHNSARRANSSSSRERSES 


' 
’ 
‘ 
1 
‘ 
1 


! 


SZESZESSSSARESS [SESSSSSTESSSSESSSSESSSSSSSER 


’ —— 


RSLRRAFNRARBARSKLSGKRLTTRS FF 
ANSSSITOSESSESESSESSESSEEES § SSSSESSESESITESE 


43 
20. 
50 
90 
70 
00 
60 
0 
6 
20 
00 
90 
30 
60 
0 
0 
‘ First half destroyed, no sample obtained from other half of core. 


’ 
‘ 
, 
) 
' 
t 
oo 
' 
‘ 
t 
e 
t) 
2 


PLATE 5-5 


EMBANKMENT CRITERIA AND PERFORMANCE REPORT 


FORT PECK OAM AND RESERVOIR 


waSUVOD LNADWaAd 


> 


-— GRAVEL — — 


ANALYS!S CURVE OF SOIL TESTED 


aes a a 


oeveny 


1s stessiausaducecssnessists aes 
5 TESS SBUES SEzE5 SEES SESE SSEEs si 
RST rei Three re rih 


GCS ' ~ 
tn ea as a a 
: Gad Ras eane ae 

= tt st 
cate ert hi 


HORIZONTAL PRESSURE IN TONS /Sa FT 
T CURVES DURING TEST 


i 
j at 
t 
. bs 
« ay 
oh 


bree bees 


eseene canoe seuss ane reas 
PtH SEzse Press stnzs : 


a ON : 
s DIUM ©* COARSE- 


oq —-________—_—_—_-___4 AND ——-- -—-— 


“ ot 
SAHINI NI LN AW ZAOW TV ILNO2INOR 


Bm Ni LNQKQAOW WILBIA 


“VERY FINE Le —# INE - 


BUREAU OF SOILS €LASSIFIC 


ia 
i 


2 
lJ 
= 
uJ 
> 
o) 
= 
| 
Lo 
~ 
2 
eo) 
N 
& 
Oo 
=x 
Qa 
2 
<q 
J 
<q 
oO 


TAL PRESSURE IN TONS /3Q FT 


e+e —- ——-—SILT—— 
MECHANIGA 


== = CLAYS = =o 


VaNI4  INDZDW3d 


a 


+ 133n6 


° 00 Toyze re 
48a bayind eran Ut ll aaadt eT “ut be/aa'o* voreov0n o> [uw ; 
*qSUy S4°O SOUWIAL Teal poe re ee = t 
“ut *be Qo°oT eTdmes JO wexy [BUC TICES SeOrH 18S ose és | 
NOW MOR es BD see tae ENT OF 68 bas aadeq ‘ & ' 
TVIEGRIVA ZNOZ NOLLIGNVEL L° 292g WOTZCACTH ara ee ee 
TO GUNS Slices UVERS CEIVGTIOGNDO JUTPOC] yuewTOTT | THO 
MOLIVOLIGNANT SOtTS 04005 rVETS PeLBPTTOSUOD 77 ansayon. “9 
W¥d WOad 1y03 RELA EE, GUMS VERSION oy SOO EO 
wO YR ow EamMeo THe. COOlig MO LVR Tw 
I HS— 77 
LNSWZAOUGN! YIAIH IY LOSSIW AAYND FONN Oe enon ONINVAHS—OVO VWHON 
D g L 4 ‘ 
Q pose rH ssaees teggs gets naasi sensnsemezassez Besse ates 0 
phe S2SR8 88000 Shane DeeSS seaese’-o. 
fa ae Ee me Spessctasssseysssesessoes stave speed ssesvorees scab: 20> cise 


a J oe eee eae 
rv. o's 


aa Aaa Hi 
HER Le et oan 


as ob 


EMBANKMENT CRITERIA AND PERFORMANCE REPORT 


—Z 
QN3937 


“La OS/SNOL JINVISIGIY ONINVAHS 
Getise JOWVLSISIY INIUV HS 


ry ) x 
ast fists ce oo S 
& x 
5 +4 seen las 
as —= Tie et i 
pa S Et ceseTs aaa cemwepouee naka $1 33 oa 
c GE Te Me ye 
a5 sctes srecsseanscecrssencs Spo sp le $3 /= OG 
: ai 2 as enpeas esses tr .4 = 
romwwen® ised $5 Set se ete Fe 
~ an Sagsrassus atest tengasesea gates asses cteetsrenssaens wey $e15 ; 
OW-ON3937 | 2 ssabs sees esses sscevecs eSesscessssssstsesssrsss ftset sage: WE EAE 
4 06 songecssenserasesss tessa tases cases seees Sass teas, rete $5 | 
sia Set SESE sauseszegs cestetnss? Ses Szessceoes ok ¢ 416 
ead adsiazsai eed rid fab fet a Eis: : le 


1S31 ONIYNO S3BANND LN3W3A0OW TWLNOZIYOH 
a 


14 nee SNOL NI ANNSS3aNd Sees Ld OC/ SHO 


: 
: on 
5@ a : 


SSCS OVE TE WES S FE We ee oer ee oye a 


Wase vod 1IN39U3d 


-GRAVEL 


an 


1 


VERY COMESE: 


p—— =o 
peril GSE GEGAE {050 Sedu faaad 22i40eoas#0z02 


N 


Hl 
aga ! 


0 
-- -SAND—-- 


IGAL ANALYSIS CURVE OF SOIL TESTED 


eal 


FINE 


CLASSIFIC 


67 89i0Omm 


ERY FINE 


a 


BUREAU OF SOILS 


—SILT 


neane 
Ht dotd a eezee fa 
add Bae 


sesaseas 
wma ap aa 
ifiadii si iia 


iat ha 
fect : 


LEGEND 
A————-= Consolidated @ 1 T/sq. ft. 


8 T/sq- tt. 


4 T/8q- ft. 
"12 T/sq. ft- 


a 


aera LNIMAd 


3 £ 8 & Bg 
=i Soe 


+—— - ——— 2 
oa... = 


+ 
+ + + 

a 

a 


sete 
lat 14 Ania 

o So 

= 2 & ° 
NOLLYVGINOSNOD LN AIWAd 


= 


SOA sa'guivy GIoA 


NOVWETIOSNOD LNZIWId 


Fy 


ME-PERCENT CONSOLIDATION CURVES 


QUARE ROOT SCAL 


(s 


TIME ~— MINUTES 


: ik a il 
i 


el ome 
on Saw aos 


tH ! i edn 


nS nt AMIN oe 
ih HO tl 
‘4 4 | 
PRccAAO EE 00000 TO ana 
pile Tat Lec S 
= 828 
WOD LwaqWad 4 | 
e 


ree se ie ater 


FORT PECK DAM AND RESERVOIR 


¥ “ae aetere 83 


PRESSURE TONS/SQFT. 
PRESSURE-VOID RATIO CURVE 


MISSOURI! RIVER IMPROVEMENT 
NAVIGATION. FLOOD CONTROL, POWER, IRRIGATION 


Tone/SqFt 


Estimated Previous Conselidatons . _.. 


EMBANKMENT CRITERIA AND PERFORMANCE REPORT 


SERIES #1 


US. ENGINEER OFFICE, FORT PECK, MONT. 
gree: it ops! 
Cracked by |Transmitted w threport | © @ No 


~ 
ay wi bees ‘ 


SLIDE INVESTIGATION 


CONSOLIDATION TEST, TRANSITION MATERIAL 


FORT PECK DAM 
TEST PIT NO. 5; 


v 
° 
2 
< 
E 
2 
CA 


Range 0 # 26-0 


Initial Thickness 2.50 inoh 
Depth 8° 
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station 41 ¥¢ 00; 


Blevation 47.2; 
# Total compaction in percent of or:gir.a! height of sample. 
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PETROGRAPHIC ANALYS!S OF SAND SAMPLE, FORT PECK, 
NO. 1-A 


General Statement. 
petrographic analysis of a sand Is to separate the 
sample Into two fractions on the basis of the spe- 
cific gravity of the constituents. The "IIgnt" 
fraction (sp. gre tess than 2.84) contains most of 
the materfail, but the “heavy” fraction (sp. gr. 
greater than 2.84) contains a greater variety of 


The usual procedure In the 


minerals. The percentage of each fraction !s deter- 
mined by welght, but the percentages of minerals 
and other constituents within each fraction Js de- 
termined by counting gratns, and hence fs a fre- 
quency percentage, not a welght percentage. This 
procedure does not Introduce any great error If the 
grains are falrty unlform Jn size, but In the pres- 
ent sample they are not. The grains range from 
fine gravel to clay size, so that frequency percent- 
ages determined on the whole sampte would ptace an 
unwarranted emphas!s on the minute grains, which 
are numertcally abundant but constitute only a 
smati percentage by welght of the whole sampte. 
Since the varlous size grades of this sample show 
marked differences 1!n composition, this factor !s 
Important, especlathy In the case of "bight" frac- 
tion, which constitutes 97 percent of the sample. 
To eltminate this error It woutd be necessary to 
analyse each size grade, then mubtiply the percent- 
age of each mineral In each size grade by the 
welght percentage of the size grade as determined 
by mechanical analysts (sleving). Totaliing the 
products for each minerat would give Its welght per-~ 
centage {In the sampte as a whole, except for minor 
errors resulting from differences In the specific 
gravities of the minerats. This procedure, how- 
ever, greatly Increases the time required for an 
analysis, and hence would Increase !ts cost consid- 
erably over the price quoted In the contract for 
anatysis of this sample. ! have therefore done the 
next best thing ~ anatysed the “tight” fraction of 
the two size grades which contain the greatest 
amount of the sample, the 35 to 48 mesh and 48 to 
65 mesh grades. |! have also Included an anatysis 
of the coarsest grade .8 to 14 mesh) and an estl- 
mate of the composition of the finest material 
(passing the 200 mesh sleve). The “heavy” fraction 
constitutes such a smatt percentage (3 percent) of 
the whole sampte that this procedure was not cons!d- 
ered necessary. 

Composition of the “tight® fraction. The "Iight" 
fraction comprises 0.97 percent of the sample. The 
two size grades containing most of the material 
have the following composition: 


Composition of the “tight” fraction of the 55 to 48 
and 48 to 65 mesh size grades. 


(Frequency percentages on the basis of 100 percent) 


35-48 size 48-65 size 
grade grade 


ee CS A ca a Ce ec 
Rock grains: 


Cnert 14 15 
Shate WW 19] 
Sandstone and stitstone 6 3 
Volcanic rocks il {9 
Granitic rocks 3 2 
45 40 
Quartz 38 45 
Felidspars: 
Plagloctase 10 8 
Microc}ine 3 3 
Or thoc jase 2 2 
Sanidine P P 
15 13 
Others: ae 
Muscov Ste Pp p 
Chlor!te pP p 
Caicite P H 
Volcanic glass 1 P 
Carbonaceous matertal (tignite) P P 


NOTE - P = Present In amounts tess than 1 percent. 


The coarsest size grade (8-14 mesh), has the fot- 
Jowing composition: Rock grains 982 percent (chert 
2 percent, shate 52 percent, sandstone and sittstone 
26 percent, voicanic rocks t percent, granitic rocks 
1 percent), quartz 10 percent, feldspars 5 percent, 
calcite 2 percent, volcanic gtass and Itgnite tn 
traces. 

Percentages were not determined on the finest 
materlal (passing the 200 mesh), but Inspection 
Indicates that J+ has approximately the following 
composition: calclte 15-20 percent, clay mineral 
aggregates 15-20 percent, quartz and feldspar 
(together) 55-65 percent, others about 5 percent. 

Composition of the "heavy* fraction. The "heavy" 
fraction constitutes 3 percent of the sample. About 
half of this materlal consists of the Iron oxides, 
kimontte and hematite. These occur as grains up to 
3 mm In dlameter, and thefr presence In such abun- 
dance so interfered with determination of the other 


Pee cea ne a SS er, a ee a ee 
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gite Is 
tn gral 
otner ™ 
percentag 
'ts freq 
Compos i+ 
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t it was found necessary to remove them Composition of the "heavy" fraction from the whole 


, the "heavy fraction !1 50 percent Hct sempte, continued. 


BS. Of the matertal not ramoved, au- 
far tne most cannon mineral, occurring Others: 
to 3 mm In tengtn. Stnce most of the Atlanite 
minerais are much smaller, the «elght Barlte 
pf augite 's cons!deraply hlgher then Cot lophane 
percentage. Epldote 
Garnet 
fof the “heavy fraction from the whole Ruttle 
Staurol!te 
Tittanite 
p percent H°\ 50% by wt. Tourmal Ine 
Hmon!te and hematite, with 1 to 2 per- ZIrcon 
@ carbonates dolomite and siderite, Zolsite 
1 percent apatite. 
‘30 percent HCI. Note - P = Present In amounts tess than 1 percent. 
percentages on basts of 100 percent.) 
Is: Conclusions. The abundance of shale fragments In 
14 the coarser size grades Indicates contribution of 
this matertat from a nearby source, as these frag- 
ments could not withstand prolonged transportation. 
The other elements {fn the sampfe have been derived 
chlefly from Intermediate to basic volcanic rocks 
(andesItes and basalts), as {ndicated by the abun- 
prnb lende dance of augite as well as of fragments of these 
hornbtende rocks, and from previousty formed sedimentary rocks. 
blende Other Igneous rocks, particularty granitic types, 
have contributed some materfai, whlie metamorphic 
rock types furnished very Ilttle. 
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Fioctre 16.—Results of shear tests. 


All tests are consolidated unless otherwise noted 


Transition sone material: 


Tane 

0.712 a0 

Q 640 00 
Mratified material from Calyx No. 4: 

Tane c 

Q 520 ao 
Bentonite from Merriman drift: 

Tane ec 

0 136 0. 40 
Bentonite from Crosby drift: 

‘ang e 
OQ 155 0. 20 


Bentonite from Calyx No. 8 (Hard, impure bentonite, con- 
siderable volcanic ash): 


Tane ° 

Q 247 Q 90 
Bentonite from near outlet portals: 

Tane e 

O 241 Q 70 
Bentonite from Calyx No. 2: 

Tan¢e e 

0 139 Q 90 


Seale and bentonite from Calyx No. 4 ( eonsisted of 
fractured shale with the fractures filled with thim seams of 
bentonite): 

Tanne e 


0. 180 Q 80 


Bentonite on shale (Field test material): 
Quick shear 


Tan¢e : c 


0. 120 0. 
0. 126 a 


Weathered shale: 
@. Undisturbed sample of disturbed weathered shale in slide 


aren: 
Consolidated Quick shear 
Tanne ec Tan¢ e 
a7 O 28 Q 037 ax 
@ 275 Qa 30 Q 037 aw 
Q 206 Q& 20 0. 291 a 40 
d. Gouge material from Crosby drift: 
‘an 


Q 182 (quiek shear) 0. 20 
@. 210 (consolidated) 0 50 


@. taken from block of soft shale from weathered sone 
iss Merri “ at inlet portals: 
ane 


FORT PECK DAM AND RESERVOIR 


é. Field Shear Test. 


Shale on bentonite. 
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a 05 


& 00 


J. Undiaturbed weathered shale from Calyx No. 3: 
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Tan ¢ 
@ 151 
«. Weathered shale from Calyx No. 2: 
Tan e 
0. 262 
Tan @ 
0. 298 
Surface clay 
Consolidated 
Tane c 
Q 210 a 40 
a 153 a 50 
G@ 158 Q 50 
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C-7_..-. 8 
4 
5 
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8 
18 
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28 
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40 
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se 
35 
eo 
5d 
7 
80 
C-B_.... 1 
2 
3 
10 
14 
17 
19 
22 
29 
xu 
x» 
“4 
49 
53 
57 
58 
@ 
C-9..__. 1 
3 
6 
8 
12 


Q 20 
Quick shear 

Tan @ e 
QO 067 Q 25 
0.014 Q 41 
0.014 Q 40 
Q 050 0. 20 
0. O51 Qa 31 
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